We report the first measurement of the lepton forward-backward asymmetry AFB for the inclusive electroweak penguin process B → Xsℓ + ℓ − as a function of q 2 = M 2 ℓ + ℓ − c 2 , where ℓ is an electron or a muon and Xs is a hadronic recoil system with an s quark. The results are based on a data sample containing 772 × 10 6 BB pairs recorded at the Υ(4S) resonance with the Belle detector at the KEKB e + e − collider. For q 2 > 10.2 GeV 2 /c 2 , AFB < 0 is excluded at the 2.3σ level, where σ is the standard deviation. For q 2 < 4.3 GeV 2 /c 2 , the result is within 1.8σ of the theoretical expectation.
PACS numbers: 11.30.Er, 11.30.Hv, 12.15.Ji, 13.20.He In the Standard model (SM), quark-level flavorchanging neutral current b → sℓ + ℓ − decays [1] are allowed at higher order via the electroweak loop (penguin) and W + W − box diagrams. The corresponding decay amplitude can be expressed via the Operator Product Expansion [2] in terms of the effective Wilson coefficients for the electromagnetic penguin, C eff 7 , and the vector and axial-vector electroweak contributions, C eff 9 and C eff 10 , respectively [3] . If physics beyond the SM contributes to b → sℓ + ℓ − decays, then the effective Wilson coefficients are expected to differ from the SM expectations.
Therefore the decay rate and angular distributions of b → sℓ + ℓ − decays constitute good probes to search for new physics [4] .
Inclusive measurements of the b → sℓ + ℓ − process are preferable to exclusive measurements because of lower theoretical uncertainties, although they are experimentally more challenging. The branching fraction for inclusive B → X s ℓ + ℓ − , where B is eitherB 0 or B − , ℓ is either an electron or a muon, and X s is a hadronic recoil system with an s quark, has been measured by Belle [5] and BABAR [6] . Both results are consistent with the SM prediction. The lepton forward-backward asymmetry, defined as
is considered to have different and greater sensitivity to physics beyond the SM than the branching fraction [7] . Here, q 2 = M 2 ℓ + ℓ − c 2 and θ is the angle between the ℓ + (ℓ − ) and the B meson momentum in the ℓ + ℓ − centerof-mass frame inB 0 or B − (B 0 or B + ) decays. Although A FB in exclusive B → K ( * ) ℓ + ℓ − has been measured by Belle [8] , BABAR [9] , CDF [10] , LHCb [11] and CMS [12] ,
− is yet to be measured. In this Letter, we report the first measurement of the lepton forward-backward asymmetry for inclusive B → X s ℓ + ℓ − , assuming A FB does not depend on the lepton flavor. The results are based on the full Υ(4S) data sample containing 772 × 10 6 BB pairs recorded with the Belle detector [13] at the KEKB e + e − collider [14] . We study the acceptance for B → X s ℓ + ℓ − via Monte Carlo (MC) simulation. For this simulation, we use a sum of exclusive B → K ( * ) ℓ + ℓ − events and non-resonant B → X s ℓ + ℓ − events with the X s invariant mass M Xs > 1.1 GeV/c 2 . The former are generated according to Refs. [4, 15] , while the latter are generated using a model based on Refs. [4, 16] and the Fermi motion model of Ref. [17] . The two MC samples are mixed assuming the measured branching fractions [18] .
Charged tracks are reconstructed with the silicon vertex detector (SVD) and central drift chamber (CDC), and the tracks other than K 0 S → π + π − daughters are required to originate from the interaction region. Electrons are identified by a combination of the specific ionization (dE/dx) in the CDC, the ratio of the cluster energy in the electromagnetic calorimeter (ECL) to the track momentum measured with the SVD and CDC, the response of the aerogel threshold Cherenkov counters (ACC), the shower shape in the ECL, and position matching between the shower and the track. Muons are identified by the track penetration depth and hit scatter in the muon detector (KLM). Electrons and muons are required to have momenta greater than 0.4 GeV/c and 0.8 GeV/c, respectively. To recover bremsstrahlung photons from leptons, we add the four-momentum of each photon detected within 0.05 rad of the original track direction. Charged kaons are identified by combining information from the dE/dx in the CDC, the flight time measured with the time-of-flight scintillation counters (TOF), and the response of the ACC [19] . We select electron, muon, and kaon candidate tracks in turn, while the remaining tracks are assumed to be charged pions. 
We reconstruct X s from 18 hadronic final states (see Table I ), that consist of one K ± or K 0 S and up to four pions, of which at most one can be neutral. We require M Xs < 2 GeV/c 2 to reject a large part of the combinatorial background.
We combine the X s with two oppositely charged leptons to form a B meson candidate. To identify the signal, we use two kinematic variables defined in the Υ(4S) rest frame: the beam-energy constrained mass
, and the energy difference ∆E = E B − E * beam , where E * beam is the beam energy and ( p B , E B ) is the reconstructed momentum and energy of the B candidate. We require M bc > 5.22 GeV/c 2 and −100 MeV < ∆E < 50 MeV (−50 MeV < ∆E < 50 MeV) for the electron (muon) channel.
To reject large contamination from charmonium back-
− , we reject events having dilepton invariant mass in the following veto regions: −400 to 150 MeV/c 2 (−250 to 100 MeV/c 2 ) around the J/ψ mass and −250 to 100 MeV/c 2 (−150 to 100 MeV/c 2 ) around the ψ(2S) mass for the electron (muon) channel. In the electron channel, there is non-negligible peaking background from events in which the bremsstrahlung photon recovery fails and instead the radiated photon together with another random photon forms a misreconstructed π 0 as X s 's daughter. To veto such events, the π 0 's photon daughter with the highest energy is added in the calculation of the dilepton invariant mass, and events with invariant mass from 150 MeV/c 2 below to 50 MeV/c 2 above the nominal J/ψ mass are rejected for the modes involving π 0 . We also require the dilepton mass to be greater than 0.2 GeV/c 2 to remove the photon conversion and π 0 Dalitz decays. The main background comes from random combinations of two semileptonic B or D decays, which have both large missing energy due to neutrinos, and displaced origin of leptons from B or D mesons. The displacement be-tween the two leptons is measured by the distance ∆z ℓ + ℓ − between the points of closest approach to the beam axis along the beam direction. We also use the confidence level of the B vertex (C vtx ), constructed from all charged daughter particles except for K 0 S daughters. We set requirements on ∆z ℓ + ℓ − and C vtx to preserve about 79% of the signal while rejecting 66% of the background. Other background originates from e + e − →(q = u, d, s, c) continuum events, which can be efficiently suppressed using event shape variables.
To suppress the continuum background and further reduce the semileptonic background, we employ a neural network based on the software package "NeuroBayes" [20] . The inputs to the network are (i) a likelihood ratio based on ∆E, (ii) the cosine of the angle between the B candidate and the beam axis in the Υ(4S) rest frame, (iii) ∆z ℓ + ℓ − , (iv) C vtx , (v) the total visible energy, (vi) the missing mass [21] , and (vii) 17 event shape variables based on modified Fox-Wolfram moments [22] . For the different types of backgrounds (semileptonic and continuum), the neural network is trained separately and requirements on two output values are chosen to maximize the statistical significance. This optimization is performed separately for electron and muon channels and for the regions M Xs < 1.1 GeV/c 2 and M Xs > 1.1 GeV/c 2 , and the obtained selection preserves 51% (63%) of the signal while rejecting 98% (96%) of the background for electron (muon) channels. According to the MC simulation, 83% of the remaining background consists of semileptonic events.
There are three peaking background sources: charmonium background from B → J/ψ(ψ(2S))X s decays with J/ψ(ψ(2S)) → ℓ + ℓ − , B → D ( * ) nπ (n > 0) decays with two misidentified charged pions as leptons, and B → J/ψ(ψ(2S))X s decays with swapped misidentification of a lepton and a pion. The first of these peaking backgrounds is studied with MC events, while the others are determined from data. We treat contributions from charmonium resonances higher than ψ(2S) as signal.
The probability of multiple B candidates in an event is 8% with the average number of B candidates per event being 1.1. When multiple B candidates are found in an event, we select the most signal-like B candidate based on the neural network output. For the measurement of A FB , information on the flavor of the B candidate is necessary. ForB 0 mesons, only the self-tagging modes with a K − are kept, after selecting one B candidate per event. We also remove candidates with X s reconstructed from one kaon plus four pions because expected signal yields are less than one event. Therefore, we use 10 final states as listed in Table I In order to extract A FB , an extended unbinned maximum likelihood fit to four M bc distributions (positive/negative cos θ for electron/muon channel) is simultaneously performed for each q 2 bin. The signal reconstruction efficiency highly depends on q 2 and cos θ, as events with low q 2 and high cos θ have lepton momenta below those required in the event selection. This leads to a deviation of A 
assuming A FB does not depend on the lepton flavor.
Here, α is a scaling factor that relates A raw FB with A FB and β is the correction factor from electron channels to muon channels. In the 2nd and 3rd q 2 bins, A FB is different between electron and muon channels, due to the different charmonium veto regions. We use A FB of Eq. (1) defined for the q 2 regions of the muon channel as the fit parameter. To derive α, we generate several sets of signal MC samples with various Wilson coefficients (C 7 , C 9 , C 10 ), calculate A FB and A raw FB for each set, and fit the relation between them by a straight line. To derive β, we fit the relation between forward-backward asymmetry calculated using the q 2 region in the electron and muon channels in the same way. The values of α and β are summarized in Table II .
The likelihood function consists of four components: signal, self cross-feed, combinatorial background, and peaking background. The signal is modeled with a Gaussian function with parameters obtained from the B → J/ψX s data. The self cross-feed is described by a MC histogram, where the yield ratio to the signal is fixed according to the MC expectation. The combinatorial background is modeled by an ARGUS function [23] , where the endpoint is fixed to the nominal beam energy in the Υ(4S) rest frame, E * beam = 5.289 GeV. The size of the sum of the peaking backgrounds is fixed in the fit to 1.0 ± 0.2 and 11.4 ± 0.3 events for the electron and muon channels, respectively. Figure 1 shows the M bc distributions for B → X s e + e − and B → X s µ + µ − candidates with positive and negative cos θ. The total signal yields for B → X s e + e − and B → X s µ + µ − are 140 ± 19(stat) and 161 ± 20(stat), respectively. The fit results obtained in each of the four q 2 bins are summarized in Table II . Figure 2 shows the A FB distribution as a function of q 2 . To see contributions from events other than B → K ( * ) ℓ + ℓ − candidates, we select samples with M Xs > 1.1 GeV/c 2 , and extract A FB by the same fitting method. As a result, we obtain A FB = 0.25 ± 0.45 (1st bin), 0.97 ± 0.60 (2nd bin), 0.92 ± 0.32 (3rd bin), and 0.65 ± 0.54 (4th bin), where only the statistical uncertainties are listed.
To estimate systematic uncertainties, we repeat the A FB fit with varied input parameters and the resulting 2 ), the s-quark mass (0.20 ± 0.10 GeV/c 2 ), and the renormalization scale (µ = 2.5 and 5 GeV) [4, 7] . The lower edge of the uncertainty is set to zero in the uncomputable region. GeV/c 2 . The signal shape parameters are fixed using the J/ψX s data. The mean and width of the signal Gaussian function are varied within their uncertainties. The histogram shape of the self cross-feed background is estimated from signal MC events. The entries in the bins are varied according to a Gaussian distribution whose standard deviation is the statistical uncertainty of the MC sample. The total systematic uncertainty is estimated by summing the above uncertainties in quadrature.
The A FB results are found to be consistent with the SM prediction in the 2nd to 4th q 2 bins, while it deviates from the SM in the 1st q 2 bin by 1.8σ; here, the systematic uncertainty is taken into account. The results in the 3rd and 4th bin also excludes A FB < 0 at the 2.3σ level.
In conclusion, we report the first measurement of the lepton forward-backward asymmetry for the inclusive electroweak penguin process B → X s ℓ + ℓ − using a data sample containing 772 × 10 6 BB pairs collected with the Belle detector. For q 2 > 10.2 GeV 2 /c 2 , A FB < 0 is excluded at the 2.3σ level. For q 2 < 4.3 GeV 2 /c 2 , the result is within 1.8σ of the SM expectation. The results can be used to constrain various extensions of the SM. 
